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MACHINE ANALYSIS OF INFRARED CLOUD IMAGES OBTAINED BY THE 

"COSMO S-122 " SATELLITE 

L. G. Maxina, V. I. .Solov'yev 

D. M. Sonechkin, and I. S. Khandurova 

ABSTRACT. A v i s u a l  ana lys i s  of i n f r a red  (IR) cloud 
images, obtained by satell i tes,  is  a r a t h e r  time-consuming 
operation, and the r e s u l t s  are t o  a l a r g e  ex ten t  subject ive.  
I n  view of this, i t  is of i n t e r e s t  t o  automate t h i s  ana lys i s  
by performing it on an e l ec t ron ic  computer. 
problem of t h e  ana lys i s  of I R  cloud images can be resolved 
step-by-step. Above a l l ,  i t  is  necessary t o  select t h e  data ,  
defining the I R  mimages, from the t o t a l  information volume, 
received from the satell i te,  and encode them i n t o  the computer's 
memory. One of the important methods of solving this problem 
with respect  t o  sa te l l i t e -genera ted  I R  cloud images is  de- 
scribed; a block-diagram of an algorithm f o r  an appropriate 
program is included. 

amounts t o  i d e n t i f i c a t i o n  of t h e  na ture  of the clouds shown 
on the  photographs. To t h i s  end, one of the algorithms 
stimpulated i n  the theory of image discrimination i s  used - 
t h e  so-called method of p o t e n t i a l  funct ions,  In this paper 
w e  b r i e f l y  describe t h e  se l ec t ion  of decoding cha rac t e r i s t i c s ,  
used i n  t h e  machine i d e n t i f i c a t i o n  of clouds, and show a block \ 

diagram f o r  t he  computation of these  cha rac t e r i s t i c s ,  as 
appl icable  t o  t h e  I R  photographs, taken by t h e  "Cosmos-122" 
satell i te.  

study, includes a decision block regarding t h e  type of clouds 
shown on t h e  analyzed I R  photographs. 
by using previously computed magnitudes of t h e  decoding 
cha rac t e r i s t i c s .  
two modes. I n  t h e  teaching mode, t h e  program, according t o  
t h e  in s t ruc t ions  of the operator ,  who is  f ami l i a r  with the 
t r u e  na tu re  of t h e  clouds on the analyzed photograph, p l o t s  
a spec ia l  sequence of numbers, i .e, 
coding cha rac t e r i s t i c s .  

The automation 

Subsequent operations of machine processing e s s e n t i a l l y  

The last  p a r t  of t h e  automated program, described i n  t h i s  

Decision is accomplished _ _  

This portion of t h e  program can be  used in  

t h e  "weights" of the de- 
I n  accordance with these  weights, 

f 59* - 

, * Numbers i n  t h e  margin ind ica t e  the pagination i n  the o r i g i n a l  fore ign  text. 
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t h e  computer, operating i n  the recognition mode (which is t h e  
working mode) decides on the na tu re  of t h e  clouds, using o the r  
I R  images, t h a t  are not known t o  t he  operator. 
5 I l l u s t r a t i o n s ;  4 References. 

INTRODUCTION 

One of t h e  d i f f i c u l t  problems i n  the processing of sa te l l i te  information / 6 0  
is the char t ing  of clouds. A t  t h e  present t i m e  t h i s  problem is resolved by 

v i s u a l  decoding of 

of v i s u a l  decoding of photographs are f a i r l y  w e l l  developed. 

of th is  method are a l s o  w e l l  known. Above a l l ,  they include the s u b j e c t i v i t y  . 

and the l a r g e  t i m e  consumption, invalved i n  v i s u a l  decoding. As a consequence, 

the information qua l i t y  depends l a rge ly  on t h e  experience of the meteorologist- 

decoder who 

t e l e v i s i o n  and I R  cloud images.. The theory and the methods 

The de f i c i enc ie s  

does t h e  ac tua l  decoding of the photographs. 

A complete elimination of these def ic ienc ies  is only poss ib le  w i t h  

automation of t e l ev i s ion  and I R  image decoding. Notably, automatic decoding is 

an extremly complex problem. F i r s t  of a l l ,  t he re  i s  no comprehensive theory of 
recognizing objec ts  that are surrounded by a multi tude of o ther  objects .  

usua l ly  encounter this problem i n  the automation of image decoding when it  

becomes necessary t o  separa te  cloud images from terrestrial sur face  images, 

and then t o  determine t h e  type and t h e  quant i ty  of clouds. 

tremendous d i f f i c u l t i e s  arise when t e l ev i s ion  and I R  information i s  

introduced i n t o  t h e  automatic processing device, mainly due t o  the  enormous 

volume of t h i s  information (of the order of lo8 - 10 binary u n i t s  per one 

satell i te o r b i t  f o r  t e l ev i s ion  information, and lo5 - 10 binary u n i t s  f o r  

I R  information). Thirdly, t he re  are s t i l l  no firmly es tab l i shed  criteria t h a t  

qua l i fy  t h e  proper t ies  of 

ana lys i s  of t h e  photographs. 

I 

W e  

Secondly, 

9 

6 

a cloud coverp, which r equ i r e  recognition during t h e  

Taking i n t o  account these d i f f i c u l t i e s ,  t h e  automatic decoding of satell i te 

1 cloud p i c tu re s  must be  resolved s t age  by s tage,  using e l ec t ron ic  computers. 

In automatic image processing, it is poss ib le  t o  subsequently improve and : 

2 



mol i fy  t h e  algorithms and t h e  processing programs, which is  rather d i f f i c u l t  

when specialized devices are used, 

information i n  t h e  computer's 

as w e  mentioned before, t h e  information input  is extremely la rge .  Another 

deficiency of t h e  e l e c t r o n i c  computer is  that it processes t h e  information 

The input  and t h e  d i s t r i b u t i o n  of t h e  i n i t i a l  

memory is the most complex problem, because, 

consecutively, whereas analog devices can be designed so as t o  give p a r a l l e l  

processing of the i n i t i a l  da ta .  However, a t  t h e  f i r s t  s t age  of designing an 
automatic decoding system, these two de f i c i enc ie s  of an e lec t ronic  computer can 

be considered secondary, e spec ia l ly  i f  we l i m i t  ourselves t o  t h e  processing 

of I R  images only. 

_cI / 6 1  

PROBLEM FORMULATION 

The d i s t r i b u t i o n  elements of I R  photographs obtained by the  "Cosmos-122" 
sa te l l i t e  are such t h a t  most of them simultaneously show t h e  clouds, as w e l l  

as the sur face  of t h e  Earth. I n  t h i s  instance,  t h e  I R  s i g n a l  i n t e n s i t y  from 

t h e  d i s t r i b u t i o n  element w i l l  be proportional t o  t h e  mean thermal cloud 

r ad ia t ion  and the Ear th ' s  sur face  rad ia t ion ,  whose images are ava i lab le  per  

element. As demonstrated i n  [2],  t h e  d i s t r i b u t i o n  l a w  of t h e  r ad ia t ion  

temperature f o r  uniform cloud areas (cloud f i e l d s )  and f o r  the sur face  of the * 

Earth is  unimodal. 

mathematical expectation and t h e  d ispers ion  of t h e  r ad ia t ion  temperature) 

depend primarily o n ' t h e  t o t a l  quant i ty  of clouds. 

is a s t rong change of t h e  na ture  of t h e  cloud cover, t h e  aforenamed d i s t r i b u t i o n  

l a w  must be  bimodal. 

t o  t h e  cloud brightness as a r e s u l t  of a photometric ana lys i s  of cloud photo- 

graphs obtained during f l i g h t s  of the spacecraft  "Voskhod" and Voskhod-2" 

The s t a t i s t i c a l  parameters of 'this d i s t r i b u t i o n  l a w  ( the  

Hence, f o r  areas where t h e r e  

This property was  es tab l i shed  previously with respect: 

13, 41. 

ALGORITHM OF AUTOMATIC CLOUD DECODING USING I R  PHOTO- 

GRAPHS TAKEN BY THE ltCOSMOS-12211 SATELLITE 

A block-diagram of t h e  automatic decoding program is shorn' on Figure 1. It 

cons i s t s  of three e s s e n t i a l  par ts :  t h e  input  b locks the  computation block of 
I 
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the  s t a t i s t i c a l  cha rac t e r i s t i c s  of the rad ia t ion  temperature f i e l d ,  and the  

recognition block. 

e l ec t ron ic  computer cons is t s  of the following: 

The operation of t h e  input block of I R  information in  an 

I R  s igna l  cha r t  
i n  numerical form 

i 
II 

s t a t i s t i c a l  Chart of 
s t a t i s t i c a l  
Charac te r i s t ics  

Cloud char t  

Figure 1. Block-diagram o f -  t h e  automatic decoding 
program of I R  information 

The I R  of the "Cosmos-122" s a t e l l i t e  includes a scanning radiometer; the. radio- 

meter readings a r e  received by the  ground s t a t i o n  i n  the  form of a sequence of 

codes, along with the  da ta  from other  s c i e n t i f i c  and-service (or  te lemetr ic)  

s a t e l l i t e  equipment. Hence, from the  t o t a l  information flow i t  is necessary 

t o  separate  the  readings of t he  I R  radiometer only, and then reduce the 

readings t o  t h e  spec i f i c  geometric t i m e  s t r u c t u r e  which was appl icable  

during t h e  s a t e l l i t e  survey. 

/62 

The f i r s t  portion of t h e  problem can be solved i f  t he  commutation system 

of the transducers is known, i.e., the t i m e  sequence of the  connection of t h e  

instruments t o  t h e  on-board memory *.device. 

4 
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, 

Figure 2. Algorithm block-diagram of IR information; input 
into the electronic.- computer. 

The second part of the problem, i.e., selection of the scanning rows, can be 
resolved only if the codes that correspond to the IR measurements have some 
distinguishing characteristics which would enable a comparison of the infor- 
mation with the standard specimen. 
standard specimen is constructed from a series of artificially introduced 
signals of a certain amplitude; in conjunction with the specific characteristics 
of the IR signal, these signals permit a unique determination of the beginning 

For purposes of IR measurements, the 

and of the end of the scanning rows. 

5 



Thus, t h e  input algorithm of I R  information i n t o  the  computer, a s  shown 

i n  Figure 2, amounts t o  a sequence of codes. 

buted among the  on-board transducers and encoded i n  t h e  computer's ex te rna l  

memory, it is  transmitted by the  individual  p a r t s  i n t o  t h e  operat ive memory 

of the  machine, where i t  is compared t o  the  standard. 

After  t h i s  sequence i s  d i s t r i -  

I f  t he re  is a coincidence, a scanning row is  selected:  a t  the  same t i m e ,  

the  pos i t ion  of the  given row i n  the  overa l l  I R  information volume is defined. 

This i n  turn ,  allows us t o  accomplish a time reference of t he  rows.' If there  - is -- /63 
no coincidence between t h e  information introduced i n t o  t h e  operat ive memory 

and the  standard reference,  t he  s t e p  i s  increased, and the  following group 

8 of measurements is compared to  the standard. 

- 

As t h e  operat ive computer memory 

is  f i l l e d  up by the  se lec ted  rows, these rows are t ransfer red  t o  t h e  external 
memory of t h e  machine. 

da ta  are processed. 

This process is repeated, u n t i l a l l  of t he  i n i t i a l .  

A sequence of numbers, obtained from the  output of t he  input block, is 

fed i n t o  t h e  input of the  computation block of s t a t i s t i c a l  c h a r a c t e r i s t i c s  

of t he  rad ia t ion  temperature. 

element and row a f t e r  row; i n  sequence. From a s t r u c t u r a l  view point,  the  

block cons is t s  of two second-level blocks; of these,  the f i r s t  one is designed 

t o  compute t h e  mean r ad ia t ion  temperature values,  i ts dispersion, 'asymmetry. ; .  

and excess. This computation is  performed f o r  I R  images with an area of 35 x .. . 

The numbers a r e  received i n  element a f t e r  

- - .  

35 d i s t r ibu t ion  elements. 

To reduce t h e  ca lcu la t ion  volume, w e  se lec ted  t h e  rad ia t ion  temperature 

values i n  324 d i s t r i b u t i o n  elements, located a t  equal dis tances  from each 

other  (18 x 18 elements). 

t i c a l  cha rac t e r i s t i c s  of t h e  rad ia t ion  temperature is ra the r  i n s ign i f i can t ,  in- 

asmuch as  t h e  I R  s igna l  values are s t rongly cor re la ted  f o r  adjacent d i s t r i -  

The loss of t h e  ca lcu la t ion  accuracy of t he  statis- 

bution elements. 

by t h e  f ac to r  of four. 

On t h e  o ther  hand, t h i s  operation reduces t h e  IR data volume 

6 



Figure 3. Algorithm block-diagram for the computation 
of the statistical characteristics. 

Areas of 35 x 35 elements are formed with a 50% overlap, along as well as 
across the scanning rows of the on-board IR radiometer. 
meter of the IR survey band, we have a total of six areas 
the statistical characteristics are being computed. 

Thus, along the dia- 
for each of which 

The second block is designed for the calculation of the bivariate 
correlation function and of the bivariate spectrum of the radiation temperature 
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based on the  quadratic matrix of n x n d i s t r i b u t i o n  elements (where n is a 

var iable ,  set by t h e  operator).  

imageareas ,but  s e l ec t ive ly ,  depending on the output of the  

discrimination block. 

The block does not operate on each of t he  I R  

recognition/ 

A t  the  output of the block we ob ta in  an ordered sequence of statist ical  

c h a r a c t e r i s t i c s  of t he  rad ia t ion  temperature, computed f o r  areas  of I R  images 

of regular  dimensions . This sequence may be pr inted out i n  the  form of 

I I I I .  

Figure 4. Diagram f o r  t he  se l ec t ion  of 
decoding c h a r a c t e r i s t i c s  t o  iden t i fy  
s t rong changes i n  t h e  propert ies  of 
the cloud cover and of t he  surface of 
t he  Earth. 

t h e  Earth. To t h i s  end, w e  use the values 

char t s  of s t a t i s t i c a l  character- 

i s t i c s  of t he  rad ia t ion  temperature. 

However, at  the present t i m e ,  t he re  

is only a provision f o r  t h e i r  

output .in the  form of a numerical 

sequence, without any geographic 

reference.  The block diagram f o r  

the  computation of the  character-  

istics is'shown on Figure 3. 

In  the  framework of our pro- 

blem, the  recognition un i t  i s  the  

pr inc ipa l  component. S t ruc tura l ly  

speaking, i t  is one un i t ;  however, 

t he  algorithm t h a t  is encoded i n  it+ 

is used a l t e rna te ly  f o r  two d i f f -  

erent  operations. The f i r s t  oper- 

a t ion  is  t h e  iden t i f i ca t ion  of 

strong changes i n  the  na ture  of the  

cloud cover and of t he  sur face  of 

of statist ical  cha rac t e r i s t i c s ,  of 

t h e  rad ia t ion  temperature, (mathematical expectation, dispers ion,  assymmetry 

and excess). Since, it is assumed t h a t  a s t rong va r i a t ion  of t he  na ture  of 
t he  cloudiness or  of t he  sur face  of t he  Earth may be discovered from the  

8 



r,ela ive  va r i a t ions  f t h e  values of the  aforenamed characteristics, t h e  statis- 

t i ca l  c h a r a c t e r i s t i c s  values f o r  n ine  adjacent I R  image areas are used 

as decoding c h a r a c t e r i s t i c s  of t h e  program (Figure 4). 

Since each area is defined by four  s ta t is t ical  parameters, t h e  t o t a l  

number of cri teria is  36. 

presence o r  t h e  absence of s t rong  va r i a t ions  of the na tu re  of t he  cloud cover, 

i.e., f ind ing  on the  I R  photograph t h e  boundaries of the cloud f i e l d  or t h e  ' 

su r face  of the Earth i n  t h e  c e n t r a l  area (Figure 4). 

All these  36 cri teria are used t o  i d e n t i f y  t h e  

The algorithm (Figure 5) is based on t h e  so-called method of  potential - .  

functions [l]. Following is t h e  essence of t h i s  method. - I 6 5  

The t o t a l  information complex ava i l ab le  t o  us f o r  solving t h e  problem 

of ident i fy ing  the boundary pos i t ion  of cloud f i e l d s  on t h e  I R  photograph is 
contained i n  a c e r t a i n  (usually not very la rge)  number of I R  photographs; f o r  

each one of t hese  photographs, t h e  cloud f i e l d  boundaries are given. Moreover, 

w e  have a l i s t i n g  of the quantitatively-measureable proper t ies  of the I R  image, 

which include a considerable share of t h e  information on t h e  pos i t i on  of sub- 

ject boundaries. 

It is  poss ib le  t o  construct a mul t iva r i a t e  space, with t h e  informative 

proper t ies  (decoding cha rac t e r i s t i c s )  of the I R  image used as axes of t h i s  

space, these proper t ies  o r  c h a r a c t e r i s t i c s  being expressed numerically. In 

such a space, each I R  image w i l l  be represented by a poin t  with coordinates which 

correspond t o  those values of t h e  decoding c h a r a c t e r i s t i c s  t h a t  are appl icable  

t o  t h e  given I R  image. 

Then the points ,  which have I R  

w i l l  be loca ted  i n  a mul t ivar ia te  space of c h a r a c t e r i s t i c s ,  r e l a t i v e l y  c lose  

t o  each other .  

be  a l loca ted  at l a r g e  dis tances .  

can construct hypersurfaces i n  

r e l a t i n g  t o  I R  images wich subs tan t ive ly  d i f f e r e n t  propert ies .  

I n  t h i s  pa r t i cu la r  space we must determine a metric.' 

images t h a t  are comparable i n  t h e i r  p roper t ies ,  

On the o ther  hand, po in ts  of s t rongly  d i f f e r e n t  I R  images w i l l  

I n  shor t ,  i n  t h e  c h a r a c t e r i s t i c  space, we 
I _ _  

such a manner that-we can separa te  t h e p d n t s  _ _  _ - _ _ _  -- 
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no more 

less 
I 

ri  

I 

Figure 5 .  Block-diagram of the iden t i f i ca t ion  algorithm 

The algorithm of po ten t i a l  functions makes i t  possible  t o  p lo t  separating 

hyperplanes, using a r e l a t i v e l y  small number of points  ( I R  photographs) 

which are known t o  form an image. 

tics,we introduce a so-called po ten t i a l  function, which must s a t i s f y  the follow- 

ing  conditions: i t  must b e  l imi ted  over t h e  entire space of cha rac t e r i s t i c s  and 

be s u f f i c i e n t l y  smooth, i.e.* have no jumps and no discont inui t ies .  

To t h i s  end, i n t o  t h e  space of character is-  /66 

c 

The funct ion 

LO 
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s a t i s f i e s  these conditions;  here  R,= 11; -yIlris the  dis tance i n  the  character is-  

t i c  space between points  with coordinates x and y e  
3 -t 

The iden t i f i ca t ion  algorithm, based upon the  method of po ten t i a l  functions,  

cons is t s  of two par t s :  learning and i d e n t i f i c a t i o n  proper. During the  

learning process, we introduce in to  the  operat ive memory of t h e  computer 

codes of numbers which define the proper t ies  of t h e  decoding c h a r a c t e r i s t i c s  

of I R  images with known propert ies .  As w e  mentioned, the  code of decoding 

c h a r a c t e r i s t i c s  i n  our program has 36 numerals. We can simultaneously 

introduce about 100 such codes i n t o  the  opera t ive  memory of t h e  machine. 

each of these codes, t he re  is an ind ica t ion  as  t o  what type of I R  image is 

described by this pa r t i cu la r  code. 

For 

A t  t h e  i d e n t i f i c a t i o n  proper s tage ,  new and unknown I R  images w i l l  be 

iden t i f i ed ,  using the  aforenamed codes with a s ign  (codes of known images). 

The i d e n t i f i c a t i o n  cons is t s  of t he  determination of the  sign of the  function. 

-f 
where xk is a point i n  a space of cha rac t e r i s t i c s ,  cbrresponding t o  the  image 

tha t  is being iden t i f i ed ;  yi a r e  poin ts  (i = 1, ..., n), corresponding t o  codes 

w i t h  a s ign  t h a t  is  s tored i n  the  operat ive memory of the computer; yi are t h e  

"weights" of t he  codes w i t h  a sign. 

+ 

The "weights" are se lec ted  so a s  t o  provide f o r  a correct  (or with a 
given accuracy) i d e n t i f i c a t i o n  of t h e  I R  images. To t h i s  end, during the 

teaching process w e  a l t e r n a t e l y  introduce i n t o  t h e  operat ive memory of the 

computer codes of the  same I R  images, which have been previously introduced 

i n t o  the machine, with t h e i r  s igns.  

using Formula (2) f o r  each of t h e  newly introduced codes; thereupon, the sign 

of funct ion K(x*) is compared t o  t h e  

iden t i f i ed  at  the  given moment. 

The computer performs the ca lcu la t ions ,  

3 
t r u e  s ign  of the code, which is  , ;being 

If the  s igns coincide, it follows that the 

11 



computer made a cor rec t  recognition ' of the given I R  image. Then t h e  compu- 

t a t i o n  is performed using Formula (2) f o r  the subsequent code from t h e  number 

of codes with a s ign,  etc, However, i f  the t r u e  s ign  of t h e  code and t h e  sign, 

derived from Formula (2), do not coincide, then t h e  weight yi of t h e  analyzed 

IR image is changed, using Formula (3) 

I n  subsequent tests concerning t h e  v a l i d i t y  of recognition of new codes, 

from a number of codes w i t h  a s,ign, the changed weight of the code is tak& 

i n t o  account. 

With a mul t ip le  r e p e t i t i o n  of the tests, t h e  number of e r r o r s  is  graduallv 

reduced t o  zero, provided t h a t  the recognized I R  images ac tua l ly  have d i f f e r e n t  

propert ies .  When this s t a g e  i s  a t ta ined ,  the teaching is discontinued, and 

the program becomes 

images. 

usable f o r  recogni f ion ' . a f  newt previously unknown I R  

As w e  mentioned before, a t  t he  beginning of t h i s  study, t h e  s ta t is t ical  

ca lcu la t ion  u n i t  of our program puts  out 6 x 150 = 900 values of mathematical 

expectation, dispers ion,  asymmetry and excess of I R  s igna l s  f o r  each oper- 

a t i o n a l  cycle  of the on-board I R  equipment of the "Cosmos-122'' sa te l l i t e  i n  t h e  

ha l f -orb i t  i n  t h e  shade. From these  values, t h e  recognition unit forms 

500 codes, which are subjec t  t o  recognition, using the aforenamed program 

(4 codes over t h e  bandwidth of t h e  I R  photo, and about 130 codes along it). 

The recognition r e s u l t s  are put out i n  t h e  form of c h a r t s  of cloud f i e l d  

boundaries; f o r  this, a geographic re ference  of t h e  codes f o r  which t h e  

cloud f i e l d  boundary during t h e  recognition w a s  ind ica ted ,  must be made. 

Theoretically,  t h e  geographic reference program does no t  d i f f e r  from t h e  

program t h a t  is used f o r  t h e  geagraphic re ference  of t h e  actinometric 

information of the t'Cosmos-122" satellite 

. . .  
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There is one circumstance, however, that should be kept i n  mind, when 

using I R  images, recognized by a computer with .reference t o  t h e  aforenamed 

program. A d r a s t i c  change in  the  propert ies  of t h e  I R  image takes  place not  

j u s t  when t rac ing  the boundaries of cloud f i e l d s ,  but a l s o  i n  t h e  survey of 

the boundaries of cont inents  and landscape areas. 
the capabi l i ty  o f  separating these cases. However, this is  of no subatan t ia l  

importance. 

Our program does not  have 

Such a separation is  e a s i l y  performed during t h e  geographic referencing of 

the recognition r e s u l t s  and during subsequent recognition of t h e  cloud type, 

within the limits of each delineated contour. 

the recognition boundary i s  su f f i c i en t ly  far from the cont inental  boundaries, 

etc., then it can be construed as the boundary of cloud f i e lds .  Otherwise, 

,it may r e f l e c t  the va r i a t ion  of the propert ies  of t h e  surface of the Earth. 

I f ,  after geographic referencing, 

In  conclusion, it should be pointed out  that the aforenamed program 

contains u n i t s  which w i l l  permit fu tu re  recognition of the  type of clouds 

within the confines of each separated cloud f i e l d ,  using t h e  method of consecu- 

t ive bifurcat ion.  

statistical characteristics which are used i n  boundary recognition of conven- 

t i o n a l  cloud f i e l d s ,  i n  addi t ion t o  b iva r i a t e  cor re la t ion  functions and the 

b i v a r i a t e  spectrum of the I R  s ignal .  

For decoding purposesp it is conceivable t o  use t h e  same 

In  addi t ion,  it w i l l  become necessary t o  introduce in to  the computer 

memory the data  on thermal rad ia t ion  f o r  various areas of the globe i n  
cloudless  weather. 
an experiment on cloud recognition i n  the  framework of t h i s  program. 

as other  elements of t h i s  program are concerned, they were t e s t ed  on actual 
IR  data  obtained from t h e  "Cosmos-122" satellite. 

The absence of such standards precluded us from performing 

Insofar  
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